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Data analysis
The average number of sporocarps of macrofungi in each CSD and month of sampling/quadrat (125 m 2 ; n = 5) and the overall average sporocarps/quadrat (125 m 2 ; n = 25) were calculated. Shannon diversity and Pielou's equitability of macrofungi in different CSDs and months were evaluated. Expected number of species, [E (s) ], was calculated based on the number of species versus the number of sporocarps in each CSD and month, the E (s) in a random sample of n sporocarps from a total of N sporocarps was determined. The relationship between richness of species, richness of sporocarps and diversity in CSDs vs. nine abiotic factors was assessed by Pearson correlation (p-values, two-tailed; confidence intervals, 95 %) (SPSS 16.0: www.spss.com) . The Sørensen's similarity coefficient (%) of macrofungi between CSDs and months was calculated according to Chao et al. (2005) .
Results
Sporocarps of macrofungi which occurred in each CSD irrespective of months and in each month irrespective of CSDs with mean sporocarp data have been presented in Table 1 . Species richness, expected number of species, diversity and evenness in CSDs as well as months are presented in Table 2 . Altogether 64 macrofungi belonging to 34 genera were recovered in this survey. A total of 36 species was confined to any one of the CSDs as exclusive species. Only Termitomyces striatus was distributed in all CSDs, but none during all months of survey. Of the 34 genera, Marasmius was the major genus (7 spp.) followed by Agaricus (5 spp.), Lentinus (4 spp.) and Lepiota (4 spp.). Photographs of representative species of macrofungi are presented in Figures 1 and 2.
Spatial assemblage
Among the five CSDs, Someshwara comprises of highest number of species (27 spp.) followed by Thannirbhavi (25 spp.) and Padubidri (24 spp.) (Fig. 3) . Average species per quadrat was also highest in Someshwara (8 spp.) followed by Padubidri (5.4 spp.) and Thannirbhavi (5.3 spp.). The sporocarp richness (577) as well as average sporocarp per quadrat (115.4) were highest in Someshwara followed by Thannirbhavi (343, 68.6) and Padubidri (331, 66.2) . Of the 36 exclusive species, Thannirbhavi has the highest (10 spp.) followed by Someshwara/Padubidri (8 spp.), Kaup (6 spp.) and Surathkal (4 spp.) (Table 1) . Dacryopinax spathularia, Collybia dryophila, Lentinus squarrosulus, Marasmius sp. 2 and Marasmius kisangensis were the top five species distributed in CSDs (2.610.4 sporocarps/quadrat). The Shannon diversity was highest in Thannirbhavi followed by Padubidri and Someshwara (Table 2 ). The rarefaction index of species vs. sporocarps showed the highest expected number of species in the dunes of Someshwara as well as Thannirbhavi (23 spp.) (Fig. 4) . Similarity of macrofungi between CSDs ranged between 19.2 % (Thannirbhai vs. Someshwra) and 40 % (Padubidri vs. Thannirbhavi) (Table 3) .
Temporal assemblage
The total as well as average species of macrofungi per quadrat were highest in June (39 and 10 spp.) with a steep decline of total species in July and further recession was gradual, while average species showed a gradual decrease (Fig. 5) . Similar to species, total sporocarps and average sporocarps were highest in June (635 and 127 spp.) with a sudden drop in July and decreased gradually thereafter. A total of 39 species was confined to any one of the months with a highest of 19 species in June followed by seven and five species in October and August, respectively ( Table  2 ). The species richness was highest in June (39 spp.) and in rest of the months it ranged between 13 and 19. Shannon diversity was also highest in June. Rarefaction index of species vs. sporocarps showed the highest expected number of species in June than other months (30 vs. 1218 spp.) (Fig.  4) . Similarity of macrofungi between months ranged from 12.5 % (July vs. September) to 45.1 % (August vs. September) ( Table 3) . 
Abiotic factors
During the survey, air and soil temperatures were the lowest in Surathkal dunes, whereas they were highest in dunes of Thannirbhavi (Table 4 ). Humidity was more or less in uniform range (86.887.8 %). Due to sandy texture, moisture was as low as 9.215.4 %, while pH was acidic in three dunes (6.66.9) and alkaline in two dunes (7.3). Soil conductivity was low ranging between 0.2 and 0.7 mS/cm, while salinity ranged between 0.1 and 0.5 psu. The organic carbon was highest in Someshwara (4.9 %) and lowest in Surathkal (1.9 %), while soil nitrogen ranged between 1.1 and 1.4 %.
The air temperature was highest during October and lowest during September. The humidity was lowest during October (80.6 %) and highest in June (91.8 %). The soil temperature was lowest in July and highest in June (26.3 vs. 27.2 %), while it was opposite for soil moisture (16.6 vs. 9.4 %). Soil pH was acidic in September (6.3) and alkaline in June (7.9). Soil conductivity ranged between 0.1 (August) and 0.7 mS/cm (June-July), while soil salinity 0.04 (September) and 0.6 psu (June). The soil organic carbon was highest during September (5.7 %) and it was lowest during August (1.7 %), while the soil nitrogen was highest during October (2.5 %) and lowest in August (0.9 %).
Pearson correlation between three biotic (species richness, sporocarp richness and diversity) and nine abiotic (air and soil) factors revealed varied results. Only total species (r = 0.396, p = 0.05) and total exclusive species (r = 0.407, p = 0.043) showed positive correlation against humidity.
Substrate preference and economic value
Based on substrate preference, sandy soil (34 spp.) was most preferred followed by woody litter (22 spp.) and leaf litter (6 spp.) (Table 1; Fig. 6a ). Besides these substrates, some macrofungi preferred twigs, grass and dung. Some grew on dual substrates like soil and leaf litter, soil and wood and leaf litter and twig. Two species preferred to grow on termite mounds. Up to 12 species in CSDs were edible, seven species each were medicinal and ectomycorrhizal. Two species each were edible + medicinal and edible + ectomycorrhizal (Table 1; Fig. 6b ).
Discussion

Spatial and temporal diversity
Compared to other parts of the world, there are a few reports on the macrofungi in coastal regions of India (e.g. mangroves: Dutta et al. 2013 , CSDs: Ghate et al. 2014 . Assemblage of macrofungi in Sundarban mangroves of east coast of India (62 spp. in 46 genera) matches with the present study (Dutta et al. 2013) . Dacryopinax spathularia was dominant in the mangroves of Southwest India as well as Sundarbans (Dutta et al. 2013 , Ghate et al. 2014 . The mangroves close to the CSDs surveyed consist of low macrofungal assemblage (46 spp. in 27 genera) (Ghate & Sridhar, 2015) . Studies on macrofungi in plantations and botanical garden of lateritic terrain of the southwest India (79 spp. in 53 genera) and Western Ghats forests (157 spp. in 87 genera) (Karun & Sridhar 2014 showed higher assemblage than the present study. Assemblages in the sand dunes of Welsh (total, 502 spp.; agarics, 441 spp.) (Pegler et al. 1993) , Norway (75 spp.) (Høiland 2012) and Italy (160 spp.) (Lantieri et al. 2009 ) were also higher than present study. Month of June is highly productive in macrofungal sporocarps as well as diversity corroborating with surveys in mangroves and lateritic region of the southwest coast (Karun & Sridhar 2014 , Ghate & Sridhar 2015 , Pavithra et al. 2016 . Temporal studies resulted in two peaks of macrofungal sporocarp diversity (June and September) in the Western Ghats ) may be due to fluctuations in abiotic factors. In our study, dunes with less disturbance (Padubidri, Thannirbhavi and Someshwara) showed higher assemblages than those with severe disturbance (Kaup and Surathkal) as seen in rarefaction curves. Unfortunately, there are no reports from the virgin dunes of southwest India for comparison.
Biotic and abiotic factors
The CSDs of southwest India are facing several human interferences (e.g. fishing, recreation and sand mining). Typical flora in dunes include mat-forming creepers, herbs, grasses, sedges, climbers, scrubs and trees (Sridhar, 2009) . Complex vegetation with their root system prevents sand erosion and supports mycorrhizal fungi. In addition, leaf litter and dead roots serve as major source of organic matter. Tree species in the hind-dunes and beyond are useful as they provide canopy cover, which controls abiotic and edaphic conditions of dunes. The total and exclusive species of macrofungi showed positive correlation with humidity. The humidity in June was highest (91.8 %) and might be ideal for growth of macrofungi as there were many exclusive species (19 spp.). Detailed week-wise inventory during June-July may result in tracing the impact of abiotic factors more precisely.
Substrate preference and economic value
Logs, leaf/woody litter, twigs, seeds, seaweeds and shells are common substrates on the mid-and hind-dunes. Autochthonous and allochthonous organic debris composed of mainly leaf/woody litter, twigs and grass shreds. In addition, grazing by stray cattle results in accumulation of herbivore dung on the dunes. Organic matter with herbivore dung results in appareance of macrofungi. Our study showed highest macrofungi on sandy soil (34 spp.) followed by woody litter (22 spp.). Interestingly, six macrofungi preferred more than one substrate. However, in mangrove habitats, assemblage of macrofugi was higher on the woody litter (26 spp.) than soil (22 spp.) probably due to inundation (Ghate & Sridhar 2015) .
Nearly 47% of macrofungi encountered in our study are of some economic value. Amanita sp., Termitomyces schimperi and T. striatus are delicacies of coastal dwellers. Interestingly, T. striatus was distributed in all CSDs surveyed. Up to seven macrofungi in dunes were of medicinal value and likely to produce secondary metabolites due to stressed conditions (e.g. salintiy, alkaline pH and sand abbression). Seven species were ectomycorrhizal with Acacia auriculiformis and Casuarina equisitifolia. Ectomycorrhizal fungi were also reported from CSDs of other parts of the world (e.g. Amanita, Boletus, Coltricia, Hygrocybe, Lactarius, Lactifluus, Russula, Scleroderma, Tylopilus and Typhula) (Cibula & Weber 1996 , Miller et al. 2000 , Ashkannejhad & Horton 2005 , Tedersoo et al. 2007 , Hoshino et al. 2009 , Wolfe et al. 2010 , Sulzbacher et al. 2013 . Future studies on ectomycorrhizal fungi with native tree species in dunes helpful for aforestation. Human interference is one of major threats for the CSDs worldwide (e.g. urbanization, road construction, building seawall, recreation and deforestation). Main threats for CSDs in the southwest of India include sand extraction, wood extraction and setting fire to remove vegetation/organic debris, which severely hinder macrofungal perpetuation.
This the first inventory on the macrofungi in CSDs of India and thus will form a baseline data. Conservation of virgin dunes and rehabilitation of degraded dunes will provide opportunities to understand assemblage, divesity, benefits and ecological services of macrofungi, in future.
